Abstract. The behavior of isolation-reared mice has not yet been studied in the staircase test. The present study examined the effects of anxiolytic or anxiogenic agents and isolation rearing on the behavior of ddY (outbred) strain mice in the staircase test. Diazepam and phenobarbital increased the number of steps climbed, but did not affect rearing behavior in group-reared mice. FG-7142, a benzodiazepine inverse agonist, significantly increased the number of rearing with no changes in the number of steps climbed in group-reared mice. Methamphetamine increased the number of steps climbed and decreased the number of rearing in group-reared mice. Although isolation-reared mice showed hyperactivity, there was no difference in locomotor activity for the test period of 3 min between isolation-and group-reared mice. Under these conditions, isolation rearing increased the numbers of steps climbed and rearing compared to group-reared controls. Microanalysis of locomotor patterns of group-reared mice in the staircase test showed that anxiolytic drugs increased the number of climbing to the top step of the staircase and methamphetamine increased the number of climbing to the first to third step. These results suggest that isolation rearing causes an anxiety-like state with increased exploratory behavior in mice.
Introduction
Long-term social isolation induces hyperactivity (1, 2) , less habituation in a novel environment (3), aggressive behavior (4, 5) , and deficits in prepulse inhibition of acoustic startle (6 -8) in rodents. Less habituation to a novel environment and aggressive behavior may be related to an anxiety-like state, but there are discrepant reports on anxiety-related behavior in isolation-reared animals. Anxiety-like behavior of isolation-reared rats was reported in the open-field (9), elevated plus-maze (10 -14) , and Vogel conflict (11) tests. In contrast, anxiety-like behavior was not observed in the social interaction test (4, 15) . Conversely, an anxiolytic-like effect was shown in the elevated plus-maze test using rats (16) and mice (17 -19) . Most studies showing the anxiolytic-like effect of isolation rearing reported that isolation-reared animals were hyperactive. It may be important to distinguish between locomotion, exploration, and anxiety; therefore, further studies to analyze anxiety-like behavior of isolation-reared mice are required.
The staircase test is a relatively simple and efficient experiment for screening anxiolytic agents, but there is no report on the effect of isolation rearing on behavior in the test. In this test, the numbers of steps climbed and rearing are generally measured as behavioral parameters of exploratory / locomotor activity and anxiety, respectively (20 -25) ; however, the behavior in step climbing may be complex because the staircase consists of five steps; that is, microanalysis of the number of steps climbed may provide more precise information about behavior. The present study aimed to characterize the behavior of isolation-reared mice in the staircase test. In this study, conventional analysis and microanalysis were carried out to test the effects of anxiolytic (diazepam and phenobarbital), anxiogenic (the β-carboline derivative benzodiazepine inverse agonist FG-7142) (26 -28) , and psychostimulant (methamphetamine) drugs on the behavior of ddY (outbred) strain mice in the staircase test. We then examined whether anxiety state is observed in isolation-reared mice in the staircase test.
Materials and Methods

Animals and drugs
Male ddY mice (3-week-old) were either housed in groups of 5 -6 / cage (24 × 17 × 12 cm) or isolated in the same-sized cage for more than 6 weeks before experiments under controlled environmental conditions (22 ± 1°C; 12:12-h light-dark cycle, lighting at 08:00 h; food and water ad libitum) (5, 8, 29) . The handling procedures for the animals and their care were conducted according to the Guiding Principles for the Care and Use of Laboratory Animals approved by The Japanese Pharmacological Society. The following drugs were used: diazepam, (+)-methamphetamine (Dainippon Pharma Co., Osaka); N-methyl-β-carboline-3-carboxamide (FG-7142) and phenobarbital (Sigma, St. Louis, MO, USA). All other commercially available chemicals used in the experiments were of superfine quality. (+)-Methamphetamine and phenobarbital were dissolved in saline (0.9% solution of NaCl). Diazepam and FG-7142 were suspended in 0.5% w / v carboxymethylcellulose. The drugs were injected at 100 µl / 10 g.
Staircase test
The staircase test was carried out according to the method of Simiand et al. (21) . It consisted of placing an experimentally naive mouse in an enclosed staircase with five steps (2.5 × 10 × 7.5 cm). The apparatus was 45 cm in length, with one end 12 cm and the other 25 cm in height. Each mouse was placed individually on the floor of the box with its back to the staircase, and then the behavior was videotaped. The numbers of steps climbed and rearing were counted for 3 min. A step was considered to be climbed only if the mouse had placed all four paws on the step. Rearing was recorded when the mouse rose on its hind legs either on the step or against the wall to sniff the air. The number of steps descended was not counted. In some experiments, locomotor patterns of mice were analyzed with an automated video tracking system (video-image motion analyzer, AXIS-90; Neuroscience, Inc., Tokyo). The number of climbing to each step of the staircase was counted.
Measurement of spontaneous locomotor activity
Locomotor activity (including walking, rearing, grooming, and other behavior) of mice was measured using a digital counter system with an infrared sensor (Supermex ® ; Muromachi Kikai, Tokyo). Each mouse was placed individually in a clear plastic cage (24 × 17 × 12 cm) 30 min after drug injection. The spontaneous locomotor activity was measured for 3 min (drug-treated mice) or 30 min (isolation-reared mice). After each mouse had been tested, the cage was cleaned to eliminate possible bias due to odor clues left by previous subjects.
Statistics
Data were analyzed using Student's t-test and oneway analysis of variance (ANOVA) followed by Dunnett's test. Statistical analyses were performed using the software package Statview 5.0J for Apple Macintosh (SAS Institute, Inc., Cary, NC, USA). P value <0.05 was considered as statistically significant. Table 1 shows the effects of diazepam, phenobarbital, FG-7142, and methamphetamine on the behavior of group-reared mice in the staircase test. Diazepam at doses of 1 and 2 mg / kg and phenobarbital at 30 mg / kg increased the number of steps climbed, but neither drug affects rearing activity. The β-carboline derivative benzodiazepine inverse agonist FG-7142 dose-dependently increased the number of rearing without any changes in the number of steps climbed. Methamphetamine at doses of 1 and 2 mg / kg increased the number of steps climbed and decreased the number of rearing. Table 2 shows the effects of drugs on the spontaneous locomotor activity of mice. Diazepam, phenobarbital, and FG-7142 did not affect the locomotor activity of mice, but methamphetamine significantly increased the locomotor activity of mice. Figure 1 shows the representative locomotor patterns of mice treated with diazepam and methamphetamine on the staircase apparatus. It appeared that diazepam increased overall activity on the staircase, while methamphetamine increased the number of climbing to the first and second steps of the staircase. Figure 2 shows microanalysis of the effects of diazepam, phenobarbital, FG-7142, and methamphetamine on step climbing. Diazepam increased the number of climbing to the top step of the staircase (Fig. 2A) . Phenobarbital also increased the number of climbing to the top step of the staircase (Fig. 2B) . FG-7142 did not alter the locomotor patterns of mice on the staircase apparatus (Fig. 2C) . On the other hand, methamphetamine increased the number of climbing to the first, second, and third steps, but did not affect the number of climbing to the fourth and fifth steps of the staircase (Fig. 2D) . Figure 3 shows the effect of isolation rearing on the spontaneous locomotor activity of mice. There was no difference in spontaneous locomotor activity for 3 min between isolation-and group-reared mice (Fig. 3B) . However, the locomotor activities for 15 and 30 min were higher in isolation-reared mice than in the control, suggesting delayed habituation of isolation-reared mice in a novel environment (Fig. 3A) . Table 3 shows the effect of isolation rearing on the behavior of mice in the staircase test. Isolation-reared mice showed an increase in the number of step climbing and rearing compared to group-reared controls. Figure 4 shows microanalysis of the effect of isolation rearing on step climbing in the staircase test. Isolation-reared mice showed an increase in the number of climbing to the top step of the staircase, while it did not affect the number of climbing to the first to fourth steps.
Results
Discussion
We initially examined the effects of typical anxiolytic and anxiogenic drugs on step climbing and rearing behavior of ddY strain mice in the staircase test. We observed that diazepam and phenobarbital increased only the step climbing behavior. The effect of diazepam was in agreement with previous studies in NMRI (outbred), Swiss, ICR (outbred), and BALB / c (inbred) strains of mice (23, 30) , but contrasted with several Fig. 3 . Effect of isolation rearing on the spontaneous locomotor activity of mice. Mice were either housed in groups of 5 -6 /cage or isolated for more than 6 weeks before the experiment. A: Each mouse was placed individually in a clear plastic cage (24 × 17 × 12 cm), and locomotor activity was measured for 30 min in each one minute period. B: Total activities of mice over 3, 15, and 30 min were calculated. Values are expressed as the mean ± S.E.M. of 7 to 8 mice. **P<0.01, compared with group-reared mice. studies showing that anxiolytic drugs decreased the number of rearing without any effect on climbing behavior in the staircase test (21 -25) . This discrepancy may be due to the strain difference in their sensitivity to the benzodiazepine agonist in the staircase paradigm (23, 31) , although lower doses of drugs were used in some models (28, 32 -34) . In this connection, previous studies showed that high doses of phenobarbital decreased rearing activity and caused a biphasic effect on climbing in the staircase test (21, 22) . In contrast to anxiolytic drugs, an anxiogenic drug FG-7142 (26 -28) increased only rearing behavior in the staircase test. This result is in accordance with previous observations using the benzodiazepine inverse agonist noreleagnine (35) , although discrepant results are also reported (20, 36) . The discrepancy may be due to differences in experimental conditions such as mouse strains and the nature of benzodiazepine inverse agonist, but the exact reason is not known. It should be noted that these drugs were used in this study at doses that did not affect spontaneous locomotor activity. In this regard, we observed that the locomotor stimulant methamphetamine increased step climbing and decreased rearing behavior in the staircase test. These results suggest that psychological states of anxiety and anti-anxiety with exploration can be detected in this test; that is, the selective increase in step climbing behavior reflects the anxiolytic state with exploratory behavior, while the selective increase in rearing behavior reflects the anxiety state. However, the meaning of the decrease in step climbing or rearing behavior is not clear, since all drugs used here did not decrease the number of step climbing or rearing behavior. We found that methamphetamine, like anxiolytic drugs, increased the number of steps climbed in the staircase test; however, methamphetamine and anxiolytic drugs differed in their effects on spontaneous locomotor activity. In addition, methamphetamine, unlike anxiolytic drugs, decreased the number of rearing in the staircase test. These observations suggest that these drugs have different mechanisms for their effects in increasing climbing behavior. The present study demonstrated that the locomotor patterns of mice treated with methamphetamine were apparently different from those of mice treated with diazepam in the staircase test. Microanalysis of climbing behavior to each step of the staircase showed that anxiolytic drugs increased the number of climbing to the top step of the staircase and methamphetamine increased the number of climbing to the first, second, and third steps. On the other hand, FG-7142 did not alter the locomotor patterns of mice on the staircase apparatus. These observations suggest that the climbing to the top step is exploratory behavior in the anxiolytic state.
We finally examined the effect of isolation rearing on the behavior of mice in the staircase test. Isolationreared animals are hyperactive (1, 2, 13, 16 -19) , and there are conflicting data on the effect of isolation rearing in the elevated plus-maze test (10 -14, 16 -19) . The present study showed that isolation rearing did not affect locomotor activity over 3 min, although it increased activity over 15 and 30 min. This suggests that the hyperactivity of isolation-reared mice was no problem in the staircase test. In this staircase test, both the numbers of step climbing and rearing were greater in isolation-reared mice than in group-reared controls. The increase in rearing activity is similar to the effect of the anxiogenic drug FG-7142, suggesting that isolation rearing induces anxiety-like behavior. On the other hand, the increase in the number of step climbing is similar to the effects of anxiolytic drugs. However, it is likely that this behavior is due to increased exploration rather than anxiolytic activity, since the step climbing is generally measured as a behavioral parameter of exploratory / locomotor activity (20 -25) .
In conclusion, we confirmed that the staircase test could detect exploratory / anxiolytic activity and anxiety in mice and that the hyperactivity of isolation-reared mice might be due to delayed habituation. The present study, using the staircase test, suggests that isolation rearing induces an anxiety-like state with increased exploratory behavior.
